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(57) [JIM *L*F©BI56. 
[BM] ffltttCffn. *M^CTtt£1-«K« [«&] -Htet(I) 

^^yjMi:^*. -t©«e**j;tf*n«»6a**r«E* Msii 
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P6-279323 



H#ffB#©WI8] 



x c = c< 

V 
/ \ 

CH C = C< 

I 



R 3 ' 



(3*, ArlJMl!6~2 0®B&«St"tt£Bai© 

7'j-jP8£*b. R 1 , r 2 ttmetiAXS?. b 

ft»<5V»tt*$Stt©^lgft6~2 0flD7 l J-Jl/S. £fc 

tt««ftc!)«*ft6~2o©7'j-*a. i&«BBft 

4-1 8 ©If 55SgS£S-f . R>~R S fid- 

•Pfe, SUCSftoTWfei^. R ! £R J 3 

&©fiS&HM31£fc^&&3^tt&B&©ffifa*MS 
6 ~ 1 8 ©7 'J -*:**f£, 7xX*g, 75 ./&. * 

R ' 

R a v I 
)c=c 
R 3 \ / 

Ar 



xsovas. -has, *ga*swi/\ny>£3FT. 
v 

>c=c - 

R 3 / 

(St*, r' ~r s mmtmcT$>z. ) ) -e&sn 
[M**2] nw on 

[ft 3] 



X 



v )c=c 



«+, RI4«**l~4©7A'*JUa**^tt7x=. 
Mlt*U R 1 -R'feJc^ArttBfliai^CT* 
5. ) TS$tl5*X*>®XX-r-;W^^S©SffiTT 

t> v 7'J >ystt« j: i fcftStTSfS*! l !2®©Sr 

[0 0 0 1 ] 



troBjattS-fcrtttifrSfcaWBE LSR^CiifS. 
[0002] 

t«*©?SfBatf»w#i**bj:5tra««n mine 

JttHBLfcELBTtt. §S58Jt©&©a»tt««i« 
5. Sfi*fflftSnTH6ELSHFtt. ShKfflEL*? 

Tabs. coftttaELBTO. Biov, 10kHz 
eU©!2Bmffie4«tf>Bfc*B»lilB«»«IKao 
T^S. %B»lBELj5l^lJffil&ffiffiS; 1 OVg 

BSTfi.TS'&SCiiWfl*. K«KK5B3tr*fc»ifi 

«MA,fcw«WTfcn. *<©*«»iselb?*«b838 

(C.W.Tang and S.A.VAN Slyke.Appl.Phys.L 
ett., vol. 51, pp. 913-915 (1987) : &|H¥6 3-2 6 4 
6 2 9*tt» . JinSCWSHWELSmt, STO 



$ll¥6-2 7 9 3 2 3 



K&Xm C «fc 0 ^ «fc < El SSBtHM'vffi AT« - 1 
±f»«||tEL*7®||ftl=*fr>T. XX 
1 I;t h 7 7 xz:;l/7"* yx>ft^ft«SB* tffl w&# 
ttELgR*? «*HH5 9- 1 9 4 3 9 3*&«, 1$ 
M¥4 - 9 6 9 9 0^8) tXfij;Hfcfift («UH4» 
ttftHSO 3 8 8 7 6 8«£*. ftffl¥4 - 1 8 4 8 9 
2^ffi, 0 5 4 7 8^4**) ftfflV»fct, 

©*»**. Sfc, ifi^Bxy'JMs&KjiOJRtLft 

3 wtgfb^fe S56« *m t LT#rr**r« e l £t*< 



[0 0 0 3] 

lb) SKO:fcS)lfflU&. 
[0 0 0 4] #5£WK*>frS»ILfc3^T^fifcL&t> 
©1**5. Tfcto5*5MItt. ( I ) 

[00 0 5] 

Mb 4] 



I 



C=C CH = CH 

r \/ 

>C=C X 



c = c< 

I 

R 1 



[0 0 0 6] Arttft*ft6~2O0«ftft« 

B&»5Wi*8fi«l©&5SSa6~2 0ffl7'J 

ttB«*5WS&B«©&*&6~2 0<D7V-)m, 
*&HJHMfc4~l 8«)ffi«aS6^. CCT, R> 
~R ! BR|-T?t, St>KSfto-C^Tt>«tK 5 6 5 

«©«»***«** i/c**^. ^-e. B&atu 

T\ifcm&l~6<D7)l>*)l&, K^Sl~6©7;Pa 
*•>». ££&6~1 8©7'J-;l/**->g. 7x=* 

s, 75 ys, ->7ys, ri-as, *8s»a^ttA5g 

R 1 



[0 0 0 7] 
[ft 5] 

R 1 



[0 0 0 8] (St*. R' ~R» ttMEfcH&T* 
A (II) 

[0009] 
[ft 6] 



; c=c x 

Ar 

^C^C^ NV CHR'P(OR), 



3 / 



[0 0 10] (5£<t», RliK^»l~4©7^*^Sfc 
SHH7i^SSSl. R' ~R\ XS«fctfArH 



[ooii] *K93». -asc (i) rg^ns4^fiE 
xyy;Mb^*ea«Ta. --t. -f&a (i) iz& 

UTArlt i) X?Jt*^©«-& 
[0 0 12] 
[ft 7] 



(4) 1WP6-2 7 9 3 2 3 

5 6 



[0 0 13] 




[0 0 l 4] 7it>M/> ; ; 1, 2-<y m\ 

V*7>h5-fe> ; i-7?-k> ; £'J-fe> ; *-7 [00 15] 

x=u>ft£fflttSfflti#ttB*rr« 3 a? [fl:9] 

(' 

li) X# >C = C - ©«6 

R* ' 




[0 0 16] 7it>M/>;^'Jl'>; 1, 2-^> (^Mr^ST*?), ^-T"bS&oT"b«fcK Cine 

'/7>h5-fe> : ±7*-fe> ; *'J-fe> ; **-*-7 40 7U-Ag£fcB7;Mf^gB, Bft^fcttSSSftTfc 

toksg-efco, w-ais-pfeffisemsnT^Tt)^ s b. «*.w*n-en7x=yi*, 7-73^2, tf7x 

V». R 1 , R 2 B. fl*.tf7x=JWS, -t-yf-Mt, ¥ r;l/g. ^-7x^JVS. 7>H5'J;l*. 7it>h 

vi»=.fr&. 'vji/zjrtto.g'ctt&fti ft6~2oo7'j-^a*&BK5^a, eu-7* 
S*S6~2 o«D7»j-;ws*fcB^5 1 ;PS. x^u g, *>"J^s, aw/UA-s, ^y^u-u^s*** 

g, n-7*nbf^S, i -7"nt!^g, n -73MUg, T«attfiR#ft4~l 8®«*8UFP*«. £*IS7 

i-7>^&, eec-^A* t-T^Ug, i- y-*£Sfctt**SMStt, «**fctt«EBiftT?t>J: 

*->^g, J -'\*->^gfc<fc'-CS3nSKs{§&l~6 59 R' £R S B-€-n-enB»LT^5Stfe-&LTE«* 
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■5 n tt<ftfl&©fift£&!S * & a fr> MJEB&© 

tWtHWWWfc n-^Dt^S, i -7"n 

tfJl/2. n-7?m, sec-^ 
S, t-7>;i<g, i -o^)vm, t 
**1>?)l&, n-A+->^S, i -'\*->;Vg&£ 
©E*3i&l~6©7J>*Jl/g> lh*-> 

S, i -^kt+i'g, sec-^M*->l, i 

-;^+->S. 7i=A3t 75 yg, ->7ys< xh 

C, 75ySibTli 
[0 0 17] 
Kfcl 0] 

R 4 



- N 



[0 0 18] (j£<P. R< , R 6 ttsi*Rl~6©7** 



CR'Y 

/ \ 
YR'C CR'Y 



* *;ir££fcOTtt&S»tt*ffi*©£ft 6 ~ 2 0 ©7 'J 
-^gS^T. R 4 , R s ttleJUTfcgfcrjT^Tfc.fc 

[0 0 19] Jbf2— SSSC (I) ■e*an*«»x5 i u^ 
fc^tott. ±BB-jRSC (ID T»Sna*;**>Rx;* 

arc**. zoKm, mz&T. mnm-v. s 
jumcB. -«sc en) 0#x*>Kxxf;u. 

©mSTS«3-H'5„ Sit. *X*>SH^f)^itt 
*. ££*S7&. *ft©*«l»fet<ttfiS*»Ufcfi» 

^ii-^iticio. BMffljwaxyj;Mfc^*«»s 

££]&rc#*. u^T. -&5t (II) ©Rttffi»7;i' 
^StUTKSIS 1 ~4 ©7;i^;Wg:feJ:tf 7xx;p 

? -«SC (II) Tg2tt**X*>&xxrJKi. -$5£ 
(III)*fctt (IV) 
[0 0 2 0] 

Hfci i] 

YR'C CR'Y 

^k/ ••• (IV) 

/ \ 
YR'C CR'Y 



[0021] (s*, R 1 *j;^Artta9iati^i;-c» 3oxt&-vtz>. mz, -irs an -cgt£ft**x*>® 

5. *&Ytt*n*n/Nny>S*L, StXcHCTfe XXxJUi. -JKSC (V) Sfctt (VI) 

SftoT^iK ) Taansftfint 100221 

P (OR) 3 Mfcl2] 
RliMEfcHCT**. ) tZEi&VT®ZCX 

0 

II 

CR'P(0R) 2 
0 k/ 0 - (V) 

II / \ II 

(OR).PR'C CR'P(OR). 



(OR) a PR' C CR'P(OR), 

0 ^a/' 0 
II X \ II 
COR) zPR'C CR'PCOR), 



[0 0 2 3] «+, R, R' *J:tfArfiilMEtHi; 

•cfcs. ) -rasn**x*>«xxx^tHESC (vi 



[00 24] 
Hbl3J 
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9 

R 1 

0 = C - (VII) 

R 5 

[oo2 5] (set. r j , r 3 \m&tmt-e$> 
*. ) ■vmnztDix-Mt'smvutmmiT 

-«5C (V) 0*X*>«IXyjHC»LTtt2«t* 
•©-jRSC CVII)*;U#=Aft^«, HKSC (VI) ©*x 
*>Kx^x*lC»bTtt3«^©HBf5t (VII)*;!/ 
#=JWfcd*«B6S««Cd:fcJ:l)-«jC (II) ©* 
^*>Sl7r;^i5ut))ST^5. fib. 
K«fcTtt. CfflE*CJ:0. H(« (ID 

MJ9A75H. **fltf-MJ3A, **fll*'J$A, 



(6) &8!¥6-2 7 9 3 2 3 

J0 

y*9A5Mv:/nif*73 Ha£#*tf ens. * 

ft, KJ6iB«fcbT». Bfc**. 7)te-m, X- 

-^mpyx^y-;!/; l. 2-v>h+->x^y-;p 

y^f;H-fJk (2-*h*vX^;W X-x 

iff h;i^x>; **sv>uz<Dimmim 

& ; v*?;^M^->K ; N, N-5>;Wk*;UA 
73 H ; N-pt?;UtfD>J K> ; 1, 3 -iot^- 2 

[0026] KTt, *Jwrcjin6neiHH^'j* 

ft£#l©JI&fiiiJ (1) ~ (2 0) («T. (1) 
~ (2 0) £K»f ) #38 

[0027] 

a? [ft 14] 
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[0 0 3 3] 



Mfc2 0j 
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21 

(20) 




[0 0 3 6] Z.to£5\ZLX®%nrz$mi<D®U-1Gi 

sen T%.zn%%&z3-v)\'tt,Gmt. «mels 
«. wAtfissift, ^tr>3-hi*, +t^i-sai'<s 

£M©;frSfcJ:t>T. -KSC (I) ©•HlX9 L 'JJHb& 

?*«■) tttKWr4Ct«tT*a. S*?SftJl 
tt, ^935 9- 1 9 4 3 9 3*&«fc£KSI;ft*ftT 

•kOWBWfcU «j£T£ C©J:3tcLT 

[0 0 3 7] C©*aEL*?fc*»*eft*lltt. 
(1) SJUWWSK, d^XttiE?LttAfi>i£@lC<kOIE 
UtttAfSIlfciOUT*, *oBMSKtt*fffiA»«fcD 

«^*aA-r5r,t*tT#5ffiA«te. (2) sal* 

ttff MTfcjHL) ««tteATfMkS«««SmB. 
(3) tt*iI?L©l?*IS©**5fi3KJBl'jafc*«U 

8it4ciij!ff$Hi. r ©SBfcJi t-ffl ^ * t5ga — se 
am Taan«ft^««. -»K'f*>ftx*^* 

-*»6.0eV8«±D/hSWfflT. BgftM*IIXtt 
«*S»att2.8eVg*J:D**J,»ffl-e, 

MKitiMttMttta jteiw^saAL^-r 

tt«©S#tt**3iHr»fc». «ft^***©^#Xtt* 
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[0 0 3 8] *^^©StSX5 1 U)Hb-&fe : £ffl^fc^rtS 
EL*7©«Mtt. &a©tttttf*«0<. a*St,fctt, 

-»©«* oM&ifcte me. «nesBeis«iM»i/& 

— »©Blfa**lRlRf!8sB*»ft*. UttMlcti (l) B 
S/SBfcH/Rff, (2) HB/iattA«8JB/B* 
■/Ml (3) HMS/iE?LttAII2yH/563l£H/*? 

seae/h®, (4) Bffi/sEjte/s^aAe/sffi 

ft£©$&££tf5iI£#-Ci§r£. ^ITLaA^iie^ 
tt^ttABtt. ft-rLb£W?tt&Mt. cnsoisa* 
**tWHt«*«-*ifl±-ra. )!5§E#tfiS©3& 

? ic* wth:. v>rn>ba6Sfc3£»snTn* c taw 

[0 0 3 9] C©*aELS?K*tt«M&LTtt. 
tt*Hft©**V» (4 e Vtt±) S^fi^ 

mtzww z. n e ©s^tt tmffitis t-r 5 *>©**» 

*L<fflV»6h«. Il©.fc5fc*«Mt©IWMJfcl/T 
ttAufcfc'ffl&B, Cul, I TO, SnOi , ZnO 

fc£©B«ttaw*miwisif&ft$. vmsa. ^ne 

eMHtlftx/i y * 'J >ifU Zvjsms. Ja r> . 

©MJ:0 563te*Dffl-r«^fctt. a&*&10XJ: 
0A#<-r5it*5S*U<. StStUTfflv- 
h«SittRHQ/D0l"FiWffSU». 4 6KCfflW»tt 
H*10nm&Hl,l/tin, »SL< 
ttl 0~2 0 0nm©«5H-CS«n5. 
[0 0 4 0] MiUTtt. tt*Hft©'h*t» 

eofl^ttemHUt&fft^oAiJH^etid. c©* 

5a«tt*K©ft(W9iLTtt. *-MJ*A. thU 1 ? 
A-#y£A-&&, 7^->(rA, 'J^A, Y^*-> 
f A/«8i^«», A 1 /A 1 O2 , -f >J")AfttW 

tf^ns. ttis«B. c:n6©*««B**a*xA» 

3"J>^t*©*ftlc«fcO. »^S}B^S^5Cttc<k 
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ttRttftWQ/DKT*«#*L<, mmsmi 0 nm 
anLI/im, »$L<tt5 0~2 0 Onm©?afflTil 

an*. :©EL$fi:*nm mmmx\m 
ftaa-rsfcas. ss3t©»tBi,j»**y: 

[0 0 4 1] *SBH©««ELj|H 1 ©«jStt. iftELfc 

«fc3K. &m<om®&$>'). me (2) xii <3) on 

UCELtfFfcfcttaiEaftAfciSIBtt. iETLfcilfbS- 
•*64*«t*oT, B§@J:!)aA£ftfcjE?L£fg*; 

*<«>iEa««5B3tlBCttAan*. *©±. «WICK 
ttXttttmWB.kBttASttfctfPtt. 5g#lgtIE?L 

ftmtwRWtimzMmz nE l ^©sBtawsiW: 

[0 0 4 2] MEiE?LttAtiaiBfcJfltJSft*iHLfi3t 

■«*SiE?La<ttAaft&*£. 8EIE?L«a«IR:3BXIB 
"\fiaL3-&flj&ttT*-3T, WxtflO* ~10 { V 
/cm©S#BWB«ffc, W<ifclO- f cm ! / (V 
•m ©jE3L9»att)-3fcffliWifa-e*4. £©<k5 

ttmaeaiftj^ftteouTtt, ME©#*w»ttit«r 
i-5t>©-e*n«i$icffli8ttft<, xwume 
E?i©*»i»asttttT«ffl*nTn*t>©t» 

*r«E L*^©iE?lffiA«»IBCttffl«nSi«l© , b© 

©«f*6ttS© i b©*WJLTfflv»*j:i:««T?es. 

[0 0 4 3] UTtt, «AtfMJ7V- 

;m»» (*bmmif»3.ii 2,i9 7^mmtez\zm 

8©fe©) , ***y7\/-JHi»# GKBWftBS.l 
8 9,44 7^W«»ftffcE«©t»©) . 

(w&na 7-1609 emm/iSKsmoh 

©) . #U7'J-*7**>WI» (*H»*F»3.61 
5,402 ^IHSfflS. 3 3,82 0,989 ^93*1$. 33.5 

4 2,544 *fljJ!iffl§, 4$&R84 5-5 5 5*fft9, 3 5 
1 - 1 0 9 8 3^f&9, #ffiBS5 1 - 9 3 2 2 

9, 35 5- 1 7 1 0 5*f&9, 35 6-4 14 8^& 
8. 35 5 - 1 0 8 6 6 7*t&9, 355-15 695 
3^&9, 3 5 6 - 3 6 6 5 64£ftft££B*0'b 
©) , K?»/y>WM(!»tfK?»yn>WMl! (*H# 
WS53, 18 0,729 #MiHIS, 34,27 8,746 ^fiM 
g, &HB85 5-8 8 0 6 4^18, 355-8806 

5 *|&9, 349-10553 3 5 5-51 

0 8 smSM. A 56-80051 ^&9, 35 6 - 8 
8 14 1 357-45545 *f&9, 35 4- 

1 1 2 6 3 7*ft*. R5 5-7454 69£Hft£C 

3,61 5,404 nwmm, #^ras 1-101 os*t& 

a, 34 6-3 7 1 2%^, 1^4 7-2 5 3 3 6^ 
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9, »HH54-5 343 55&«, 35 4-1105 
3 3 5 4 - 1 1 9 9 2 5*t£9fc£"lCE8© 

t>©) . 7'J-^73>fS«flc (#S4$ifSil3,56 7,4 
50 *flJ!SfflSJ, 33,18 0,703 R3.24 
0.597 49HMF. H3. 65 8,520 3HMft. 34,2 
3 2,103 ^Hft H4. 17 5,961 ^JfflS, 3 
4.01 2,37 6nWm$, ^834 9-3 5 7 0 2^ 
9, 339-27577^&9, ftTO 5 5 - 1 4 4 2 
6 034MI. 356-1 19 132^&9. 35 6-2 

243 7^9, hsmwjbi. ii o,5i8 mm*ts 

ifCE«©fc©) , 7Sy«ft**3>WW|E 
«FfB3. 52 6.501 ^aaS&t*KE«©'fe©) . 
W-mm* (*H»W»3.2 5 7,20 3 ^91«0§fc 
^CE«©feffl) . X^'J^7>h5-fe>««* (ttM 
B8 5 6-4 6 2 3 4^ffl&t*fcEe©t>©) . 7)V* 

u;>mm& (»H«5 4-i i o 8 3 immnzis. 

Effiwfc©) . t¥9*/>mm# 0KBttff*3,7l 
7.462 4HMM. f^fflBS 5 4-59 14 3^&9. 3 
5 5- 5 2 0 6 3^&S, 35 5 - 5 2 0 6 4*f&9, 
355-46760 f|&9, 355-85495 
ffi, 3 5 7-1135 0^&9, 357-148749 
«MMI&£lcBI34lTV>«fe0) . X^JI^MW* 
(»DBW6 1 - 2 1 0 3 6 3*4HI. 361-2284 

5 1*t&9, 36 1-1 4 64 2^&9, IQ 6 1 - 7 2 

2 5 5*£*. 36 2-4 7 64 6^9, 36 2-3 

6 6 7 4*f&9. 36 2-1 0iS2Wm. 36 2- 

3 0 2 5 55&H, 36 0-9 3 44 5^8. 36 0 

- 9 4 4 6 2^9. 36 0- 1 7 4 7 4 9^«. 3 
6 0- 1 7 5 0 5 2^«&if»CE»CDt)CD) ttHZm 

[0 0 4 4] cn6©fc#4W*jE3ieafl:#*tLT* 
ffl1-*Htj!l»T#*Jl». *CS-r#^7W 'J 

3 - 2 9 5 6 9 5^«*ftffi«©t)©) 
aWSFSBl»3R73 >fc*«»tfX?U*7S >ft^ 
« (*S8fSffS4,12 7,41 2^WMS. #^895 3- 
2 7 0 3 3^«, 35 4-5 844 5^9, 35 4 

- 1 4 9 6 3 4^9. 354-64 2 9 9^9. 3 
55-79450 ^&9, 355-144250 ^ii 
9, 35 6- 1 1 9 1 32^9. 36 1-2 95 55 
8^9, 36 1-983 53^9, 36 3-2 9 5 

6 9 5^9^t'icE®©t>©) , mzmm%EM 

7 3 ft jEaeaft ^« t ffl H -5 C i Wff S U 

[0 0 4 5] K#*7-f 'J>ft^*©fta«tUT»4. 
#^7-fU>;5. 10, 15, 2 0-f 
-2 1H, 2 3H-#;V7^U>ffl (II) ; 5, 10, 
15, 2 0-fh77i^-2 1H, 2 3H-#W 
U >«E® (II) : 5, 10, 15, 2 0-f h7*7 
K>^7*tD7i^W -2 1H, 2 3H-*)P7 
U> ; -/'j3>7?Dy7z>t+yF ; 7JU3^>? 



JO 



40 
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(14) 



ft§B¥6-2 7 9 3 2 3 



n->7-> ; ffi79ui/7-> ; 9uk79ui'7- 

> ; m.%yi>u~,7-> ; »7*n->73:> ; 3^=7 
A7^D->7n>**->H ; v^->7A7^D->7r: 

> ; »*f **?W7*D3O^>fc&0«*tf6n*. 
Sfcfit^SftaHftft^ttR^y'JJbTS >{fc£il© 
fta«tbTB, N, N, N' , N' -fh77i-* 
- (1, 1' -f7i-W -4, 4" -v75>; 
N, N' -t*X (3-^^7i=JW — N, N' 
71-*- (1, 1" -t*7xr;iO -4, 4' -v7 
5>;2, 2-fcfT, <4-3>-p- 1*0*73^731= 
;W 7*D/T>; 1, l-h'X (4-y-p- h'Jjl-75 

/7xn;W v£DA*-y> : N, n, n' , n' 

h5-p-h'J;l/- (1, 1' -t*7i-Jl/) -4, 
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